The relation between compliance to the Mediterranean diet and the extensiveness of coronary artery disease Results: Forty-four percent of patients were in the third category of body mass index (BMI) (≥30 kg/m 2 ) and 17.5% were in the first category (BMI <25 kg/m 2 ). Education levels were markedly low, with 78% of the patients having fewer than six years in education. Most patients had low physical activity levels (55.5%). Frequency of metabolic syndrome was prominent (79%). The median (25-75 percentiles) of GS was found to be 21.25 (7-44.75) and the MD score was 4 (3-5). A negative correlation was found between compliance to the MD and GS (r=-0.380, p<0.001).
M ortality related to cardiovascular (CV) disease is generally ranked among the first three orders of causes of mortality, although its ranking changes depending on geographic distribution in the world. [1] Although mortality related to cardiovascular diseases is higher in developed countries, it is found to be lower in those developed countries bordering the Mediterranean Sea such as Italy, Greece and Spain when compared to the United States. [2] In Turkey, mortality related to coronary events is in the first order with a rate of 39% according to the TEKHARF study. [3] However, the same study shows that the mortality rate related to coronary causes is lower in Turkey's Mediterranean region compared to other regions of the country. [3] The distribution of mortality related to CV causes in Turkey and internationally suggests that geographic location may have an important role.
The Mediterranean region shows a marked difference in terms of dietary habits compared to other geographic areas. The traditional Mediterranean diet (MD) pattern is characterized by high consumption of plant foods (vegetables, fruits, cereals-preferably whole grain-fruit, nuts, legumes and olives). Olive oil as the principal source of added fat, moderate consuption of eggs, poultry and dairy products (mainly cheese and yoghurt), moderate to high intake of fish and seafood, low consumption of red meat and moderate intake of wine constitute the essentials of the MD. The index of adherence with the traditional MD was first defined by Trichopoulou. [4] In studies conducted subsequently using this index and modified indices, it has been shown that compliance with the MD might have a cardioprotective effect. [4] [5] [6] It is thought that this effect is achieved by modification of the risk factors for CV diseases, which include hyperlipidemia, hypertension, obesity and insulin resistance. [7] [8] [9] [10] Recent studies have found evidence that compliance with the MD might prevent inflammation, which plays an important role in the physiopathologies of atherosclerosis and cardiovascular disease. [11] [12] [13] In recent studies, it was shown that increased compliance with the MD might, over time, downgrade atherosclerosis in the coronary arteries. [14, 15] This study aimed to investigate the relation between MD compliance and the angiographic severity and extensiveness of atherosclerosis in patients with coronary artery disease (CAD). Despite findings indicating that foods consumed may have a role in the severity of CAD, this study may be the first to investigate the relation between MD compliance and extensiveness of CAD. Hence, it is important in that it will provide a direct evaluation of the effects of diet and lifestyle changes on the extensiveness of CAD using a visual quantitative method.
METHODS
Two hundred consecutive patients, aged between 35 and 80 years and resident in Aydın province in Turkey's Aegean region, who were found to have atherosclerotic lesions in the coronary arteries following coronary angiography between January 2012 and April 2013 were included in the study. All patients provided written informed consent. The study protocol was approved by the local Ethics Committee and conducted in accordance with the principles of the Helsinki Declaration.
Data including age, education status and sociodemographic characteristics of 200 consecutive patients were obtained by standard interview method between January 2012 and April 2013. The anthropometric measurements of the patients were obtained using standard procedures. Body weight was measured with the patients in light clothing and barefoot. The body weights measured were rounded to the nearest 100 g and the heights were rounded to the nearest 0.1 cm. body mass index (BMI) was calculated by dividing weight (kg) to the square of height (m 2 ). Generally, BMI was examined in three categories: ≤25, 25-29.9 and ≥30.0 kg/m 2 .
In order to assess physical activity levels, the validated Turkish version of the International Physical Activity Questionnaire (IPAQ)-short was administered to the patients face-to-face after the coronary angiography process. [16] This questionnaire allowed for observation of physical activity levels and expression of physical activity frequencies and times. The physical acitvity levels of the patients were examined in three categories: [17] 1. Low: if physical activity levels were low enough 
Coronary angiography and assessment and severity of coronary artery disease
Coronary angiographies of the patients were performed using the transfemoral percutaneous technique and standard digital recordings were made. Right coronary and left coronary artery systems were visualized with multiple poses at different angles to assess vessel walls clearly. Estimations of coronary artery stenosis were done by computer-assisted analysis employing the edge detection method and cinevideodensitometry.
Presence of ≥50 luminal atheromatous stenosis in at least one coronary artery was considered CAD. Multiple plaque-like formations with regular borders or irregular depressions were considered atheromatous stenosis. Stenosis of a single lumen suggesting fibromuscular hyperplasia or a single stenosis not accompanied by any change in the same or different coronary artery was not considered lumen stenosis secondary to atherosclerosis.
The extensiveness of CAD was evaluated using angiographic Gensini score (GS).
[18] Based on lumen stenosis, the following scoring was made: lumen stenosis 1-25%: 1 point, 26-50%: 2 points, 51-75%: 4 points, 76-90%: 8 points, 91-99%: 16 points, and complete stenosis: 32 points. Subsequently, these scores were multiplied by coefficients depending on the importance of the coronary vessel and the segment in which stenosis was present. For example, a coefficient of 5 was used for the left main coronary artery, a coefficient of 2.5 was used for the left anterior descending and proximal part of the circumflex coronary artery and a coefficient of 1 was used for the proximal right coronary artery. To obtain the total GS of the patient, the score for each luminal stenosis and the coefficients were added.
Assessment of food intake by food frequency questionnaire and MD compliance

Food frequency
The Food Frequency Questionnaire (FFQ) is widely used in large epidemiolgoical studies that include food and nutrient intakes. It is used to provide cheap and rapid quantitative information related to dietary pattern in long-term diets. In this study, the general food intake of the patients during the previous year was calculated using the Willett FFQs, which is of proven reliability and is administered in face-to-face interview by an experienced dietitian. [19] Information on nutrient components of the foods and beverages included in the FFQ were evaluated with the help of food composition database "Nutrition Information System 6.1" (BeBiS6.1) program. [20] The subjects were asked to state their food and beverage intakes and their consumption in defined household measures, portion sizes or in known amounts for 6 main food groups. Standard portion sizes and household measures were used in the assessment of the amounts of consumed foods. The questionnaire did not include questions investigating portion, but the participants were asked to state the consumption frequencies of foods according to reference portion size given. The answers in the following 9 categories were used to determine the frequency of consumption of most foods: never or less than once a month, 1-3 times a month, once a week, 2-4 times a week, 5-6 times a week, once a day, 2-3 times a day, 4-5 times a day, 6 times a day or more. [19] In addition to beverage habits, the questionnaire also included questions related to parameters, including eating and cooking habits and preferance of oil during cooking. The 6 main food groups in the study were as follows: 1. Bread, cereal and cereal products (different bread types, rice, bulgur, oat, pasta, bakery products) 2. Meat, eggs and legumes 3. Milk and milk products the "Nutrition Information System6.1" (BeBiS 6.1) program.
Compliance with the Mediterranean diet
The score for compliance with the MD was evaluated using the 10-point MD scale. A value of 0 or 1 was assigned to each of nine indicated components with the use of the sex-specific median as the cutoff. [4] Thus, the total Mediterranean-diet score ranged from 4. Vegetables (fresh and cooked vegetables excluding potato) and fruit (fresh and canned) 5. Beverages (fruit juices, alcoholic and non-alcoholic beverages, coffee, black tea, herbal teas) and 6. Fat, sweet and desserts.
For each subject, the daily intake of energy and nutrients and food groups in question was calculated. Food consumption frequency was calculated using 0 (minimal adherence to the traditional Mediterranean diet) to 9 (maximal adherence). [4] In total, 14 all-inclusive food groups or nutrients were considered: potatoes, vegetables, legumes, fruits and nuts, dairy products, cereals, meat, fish, eggs, monounsaturated lipids (mainly olive oil), polyunsaturated lipids (vegetable-seed oils), saturated lipids and margarines, sugar and sweets, and nonalcoholic beverages. For each participant, intake of each of the indicated groups in grams per day and total energy intake were calculated. [4] For beneficial components (vegetables, legumes, fruits and nuts, cereal, and fish), individuals whose consumption was below the median were assigned a value of 0, and those whose consumption was at or above the median were assigned a value of 1. For components presumed to be detrimental (meat, poultry, and dairy products, which are rarely nonfat or low-fat), those whose consumption was below the median were assigned a value of 1, and those whose consumption was at or above the median were assigned a value of 0. For ethanol, a value of 1 was assigned to men who consumed between 10 and 50 g per day and to women who consumed between 5 and 25 g per day. [4] For consumption of fat, the ratio of monounsaturated, rather than polyunsaturated, fats to saturated fats was used because due to the high ratio of olive and olive product utilization, the consumption of monounsaturated fats is considerably higher than that of monounsaturated fats in Turkey as well as in other Mediterranean countries.
Statistics
The Kolmogorov-Smirnov test was used to assess the normality of numeric variables. For the numeric variables that were normally distributed, comparison between two and three groups were analysed by the ANOVA or independent sample t-tests, and the results were expressed as mean±standard deviation. For the score and non-normally distributed variables, comparison of two groups was made using the MannWhitney U test, and the results were expressed as median. The Chi-square test was used for analysis of nominal data. Correlation analysis was performed with the Spearman correlation test. Significance was defined as p<0.05.
Classification and Regression Tree (C&RT).
C&RT is a recursive partitioning method to be used both for regression and classification. C&RT is constructed by splitting subsets of the data set using all predictor variables to create two child nodes repeatedly, beginning with the entire data set. The best predictor is chosen using a variety of impurity or diversity measures. The goal is to produce subsets of the data which are as homogeneous as possible with respect to the target variable. [21] The C&RT method was used in this study in order to choose the best predictor for GS.
RESULTS
The general distribution of the patients' characteristics are given in Table 1 . Forty-four percent of patients were in the third category of BMI (≥30 kg/m 2 ) where only 17.5% were in the first category (BMI <25kg/ m 2 ). Most of the patients had low physical activity levels (55.5%). Frequency of metabolic syndrome was prominent (79%). The distribution of drug usage among the participants is shown in Table 2 . The median (25-75 percentiles) of GS was found to be 21.25 (7-44.75 ) and MD score was 4 (3-5). A negative significant correlation was found between MD score and GS (r=-0.380, p<0.001) (Figure 1) . Table 3 shows the median intakes of all nutrients by both genders. An examination of the correlation between each food group and GS showed no significance. However, a weak negative correlation was found between consumption of eggs and GS (r=-0.165, p=0.02). No correlation was found between consumption of olive and tea and GS (p>0.05). (≤51) subgroup, there was no predicting variable so it was the terminal node. For the EF (>51) subgroup, MDS proved the best predicting variable; MDS (≤4.5) versus MDS (>4.5). For the MDS subgroup there was no predicting variable ( Figure 3) .
DISCUSSION
This study set out to demonstrate the relation between compliance with the MD and the severity and angiographic qualitative extensiveness of coronary artery disease.
There are many published epidemiological and experimental studies which have reported the positive effects of the MD on the cardiovascular system. In recent years, close attention has been given to publications which demonstrate the close relation C&RT was used to better define the risk factors which had an impact on Gensini scores. The decision rules of C&RT provide specific information about risk factors based on the rule induction. The variables included in the C&RT analyses and their significance of importance on GS are set out in Figure  2 . The C&RT has 4 leaf nodes, of which 3 are terminal nodes. The variables were: ejection fraction (EF) (importance value=184.229) and MDS (importance value=56.664). EF was the most important determining factor for GS. This first-level split produced the two initial branches of the decision tree. For the EF Mediterranean Diet Score Improvement=51.852
>4.50 ≤4.50 -study, it was shown that the MD also decreased lipid peroxidation. [33] With the scoring system allowing evaluation of compliance with MD based on consumption of many food groups together, it has become easier to evaluate the effect of the MD on the cardiovascular system as a whole. This allows evaluation of the synergistic effects of combined use of foods. In this study, we observed that as MD compliance increased, the angiographic severity of CAD decreased. When we compared each food component of the MD with the GS which reflects the extensiveness of CAD, we generally found no significant relation. However, we found a very weak negative correlation between consumption of eggs and GS. There are controversial data about the relation between egg consumption and CAD in the literature. In a recent study, no correlation suggesting that consumption of eggs increases the risk of stroke or coronary artery disease has been found. [34] In another study, it was found that consumption of egg more than once a week decreased the severity of CAD. [35] Neither the number of our patients nor the design of our study was sufficient to make any clear analysis on this subject.
This study is the first study which shows the relation between the extensiveness of angiographic quantitative CAD and compliance with the MD. The findings suggest that increased compliance with the MD leads to lower extensiveness of CAD. Life-style change in patients with CAD has the potential to decrease the extensiveness of atherosclerosis.
Study limitations
There are some limitations to the study. Potential affections because of the cross-sectional design of the study are inevitable. In addition, the relatively advanced age of the study population does not allow for adaptation of the study results to the general population. The fact that the study was a regional study disallows generalization of the results to other races and regions. An angiographic scoring was used to evaluate the extensiveness of atherosclerosis. However, coronary angiography is not a test which can completely evaluate the extensiveness of atherosclerosis in the vessel wall. Despite all these limitations, the authors think this study provides significant data in terms of showing the potential positive effects of lifestyle changes on coronary atherosclerosis. between MD compliance and atherosclerosis both at the gene level and molecular level.
[12, 13, [22] [23] [24] It is thought that the anti-inflammatory properties of the MD contribute particularly to the anti-atherogenic property. In one study, application of a 3-month MD was shown to inhibit the increase in the levels of lipoprotein receptor-related protein (LRP1), which is involved in the formation of inflammation-related cyclooxygenase-2 (COX-2) and foam cells in monocytes.
[24] In the same study, nuts, which are a component of the MD, were found to increase the expression of tissue factor pathway inhibitor (TPFI). [24] Considering evidence suggesting that increasing the gene level related to TPFI decreases restenosis rates in atherosclerotic vessels, it may be thought that the MD has an important role in vascular remodeling. [25] According to PREDIMED study data, a significant decrease was found in the plasma concentrations of inflammatory biomarkers including CRP, IL-6, intercellular adhesion moecule (ICAM-1), and vascular cell adhesion molecule (VCAM-1) following a 3-month MD. [5] In a substudy of PREDIMED, it was shown that the MD decreased the levels of CD49d molecule in perpheral T lymphocytes related with atherosclerosis and CD11b, CD49d and CD40 in monocytes. [12] It is thought that the antioxidants in the basic structure of the MD contibute especially to the cardioprotective effect. It is known that vegetative nutrients and olive oil, which are especially rich in antioxidants, are important components in this context. Fatty acids constituting olive oil are reserved by natural antioxidants including carotenes, tocopherols and phenolic compounds. [26, 27] Approximately 36 different polyphenol groups have been identified in olive oil. [28] It is thought that the nitric oxide-rich structure of polyphenols play a role in preservation of endothelial function. The anti-inflammatory and anti-atherogenic effects of polyphenols in olive oil have been demonstrated in experimental studies. [29, 30] There is evidence suggesting that the MD shows its cardioprotective effect partially by way of lipid metabolism. There are data suggesting that nut and olive oil, important components of the MD, decrease LDL-cholesterol levels. [31, 32] In a recent study, it has been found that the MD has an effect on lipoprotein subgroups and increases the particle size of LDL in a way that renders it less atherogenic. [23] In another
